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THE SCIENTIFIC MONTHLY 

A MODERN MECCA 

By Professor A. E. KENNELLY 
HARVARD UNIVERSITY 

THE ancient Arabian city of Mecca is in one sense the most re- 
markable in the world. It is the birthplace of Mahomed, the 

Resoul 'Illah, or prophet of God, and it contains the Kaaba, or cen- 
tral shrine of the Mahomedan faith. No giaour may enter there. 
Very few Christians have ever seen the place. The explorer Bur- 
ton, for instance, one of the most famous oriental linguists, pene- 
trated there, under elaborate disguise, at the risk of his life. 

Over two hundred millions of persons-about one eighth of the 
population of the globe, or nearly double the population of the 
United States-are reputed Mahomedans. The great majority of 
these Mahomedans are devout worshippers, according to the ritual 
of the Koran. Several times a day, notably at dawn and sunset, 
the faithful, scattered over Asiatic and African lands, unfold their 
prayer-carpets, lay them in the assumed direction of Mecca, and 

prostrate themselves thereon in prayer. This custom of diurnal 
obsequience towards the prophet's holy city has continued for cen- 
turies with very little change. Mecca has thus maintained a mar- 
vellous hold upon the daily thoughts and acts of a vast number of 
human beings. In their psychology, the Kaaba is the common and 
universal point of reference. Their lives are lived in perpetual 
procession towards that one place. Every year, about one hundred 
thousand pilgrims of zeal journey from afar to visit it. He who has 
thus attained to the holy city acquires with pride the title of 
Hajji, which entitles the owner to social respect. 

Although the modern world has created no new Mecca in any 
such sense as Mahomedanism conveys, yet in a certain very re- 
markable way it has created a scientific Mecca at Sevres, in the 
beautiful park of St. Cloud, on the Seine, near Paris, and close to 
the famous old Sevres porcelain factory. Here, on a plot of land 
which France has given to the world, by extraditing it from French 
boundaries, is an unpretentious building, called the "Bureau Inter- 

.national des Poids et Mesures," especially constructed in 1875, for 
enabling accurate measurements of standard lengths and weights to 
be carried on quietly, and at a nearly uniform temperature, within 
its walls. Eight meters beneath the surface of its courtyard is a 
vault containing a closed steel safe, wherein are treasured the 
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world's most valued reference standards of length and weight- 
the international meter and kilogram-together with certain 
"temoins" or ancillary duplicates. The building is mainly devoted 
to comparisons between these fundamental standards and the cor- 
responding replica of other nations, through the medium of work- 
ing copies. It has no upper stories and is surrounded by the forest 
park. Fortunately for the even tenor of its duties, it ordinarily 
escapes attention from the ubiquitous tourist, despite its proximity 
to the much visited porcelain museum. Neither Baedeker nor 
"Guide Bleu" refers to it, and it finds no place on the list of ob- 
jects to attract the interest of the visitor; yet it may properly be 
described as a latter-day temple for the guardianship of the "Lares 
and Penates" in the world of weights and measures. The expense 
of its upkeep is shared, in definitely prescribed proportions, 
among the twenty-eight foremost countries of the world. 

The need for an international clearing house and depositary 
for the world's standard meter becomes evident from a considera- 
tion of industrial needs alone, as well as from a cursory glance at 
the history of the subject. 

If a steel bar, say one yard in length, is ordered, without any 
further specifications, from a.smithy, we might reasonably expect 
the bar to be delivered true to length within one per cent., more 
or less; that is to a precision of one part in 100, or 102. This may 
be described as a precision of the second order. It does not mean 
that the smithy could not furnish a higher degree of precision in 
length, if the need existed; but merely that in the ordinary course 
of business, a yard bar at the smithy might well be interpreted 
to include bars longer or shorter than a yard by as much as one 
per cent. Moreover, the measurement of the bar, by the act of 
laying a yard-stick alongside it, would be an operation lasting only 
a few moments. Nevertheless, if the tolerance of something more 
than one per cent. were clearly admitted, the moral certainty of 
the measure within those limits would be very great. Any intel- 
ligent man receiving the bar from the smithy, and laying a credit- 
able yard-stick beside it, could see at a glance that the two were 
nearly alike in length; so that unless some question as to the 
amount of tolerance were raised, he would feel a high degree of 
assurance that-in the common use of language-the bar was a 
yard long. 

The rough bar from the smithy might next be sent to a machine 
shop with an order that it be trimmed, smoothed and cut to a 
finished length of say 35 inches; but without any specifications as 
to tolerance in precise length. In the operations of smoothing and 
finishing, the mechanic entrusted with the order, would probably 
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spend a little time in adjusting its length to "35 inches." One per 
cent. he would regard as unworkmanlike, and he would probably 
aim at a precision say of one per mil; i. e., one part in 103, or of 
the third order. If he were put upon his mettle, he might be will- 
ing to attempt a precision of the fourth order, or 1 in 104; but 
the extra time involved in such an effort might not be justifiable. 
Even to reach the third order, he would have to make the length 
correct within 0.035 inch, and much more time would be needed in 
the measurement than was spent at the smithy in attaining the 
second order. In the first place, an ordinary rough yardstick 
would no longer suffice. A graduated steel tape or straight edge 
would be necessary. Moreover, the operation of juxtaposition and 
reading off the length would take much longer than before. 
Finally, in spite of this increased mental and physical care in the 
task of measurement, the degree of moral certitude as to the re- 
liability of the result will probably not have increased propor- 
tionately. In repeating the measurement, the mechanic will begin 
to arrive at slightly different results and the effect of the dis- 
crepancies disconcerts the judgment. Of course, unless the me- 
chanic made a gross error or mistake in reading the tape, he would 
feel convinced that the finished bar was much nearer to "35 
inches" than one per cent.; but upon the new plane of third- order 
precision engaging his attention, he might feel less assurance of 
success than his predecessor, who measured only to the second order 
of precision at the smithy. 

If now the finished 35-inch bar were sent to a superior work- 
shop, to be assembled perhaps in some fine piece of mechanism, 
after being adjusted to say 34.8 inches, at a room temperature of 
20? Centigrade, with a tolerance of 0.004 inch, this would entail 
refinishing the ends of the bar and measuring its new length to one 
part in 104, or to fourth order precision. For the purpose of 
making this measurement, a special gauge might have to be pre- 
pared. If the bar in the assembled mechanism had to be made 
interchangeable with similar bars coming from other machine 
shops, the gauge might have to be adjusted to a precision of the 
fifth order in length, at a special workshop for the construction 
of precise gauges. In order to reach fifth order precision in the 
gauge at the special workshop, a standard measuring rule of yet 
higher precision would be needed there. It would not be unreason- 
able to require a precision of the 512th order in that special work- 
shop standard. That standard would probably be compared and 
calibrated against a still finer standard at the Bureau of Standards 
in Washington, where a precision of the 6.5th order, or one per 
3,000,000 might be readily obtainable. Finally, to keep the stand- 
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ards of the different national laboratories of the world in mutual 
agreement, an international standard is maintained at Sevres, 
where the precision attainable is of the seventh order. 

It is clear that every measure of length, either in the world of 
business or in the world of science, has its order of precision, over 
the entire range from the first to the seventh, depending upon its 
construction and purpose. No one expects a higher order of pre- 
cision than the particular purpose of the measure in question de- 
mands; because the effort and expense involved in securing an 
extra order of precision is relatively great. There are certain lines 
of industry, notably in gauge making for fine tools, where fifth 
order precision is necessary. Not many decades ago, this was the 
highest order scientifically attainable in measures of length. The 
advance from the fifth to sixth order demanded an immense 
amount of scientific and industrial effort. Progress had to be made 
in the mathematics of accidental errors, in metallurgical chemistry 
to provide improved materials, in physics to learn the laws of length 
variation in material standards, in tools, to fashion the improved 
parts, in workmanship and experience to handle the new tools. 
At the present date, we can look for the seventh order precision 
in the comparison of the various national meters with the inter- 
national meter at Sevres; but although this suffices for practically 
all industrial needs, it is inadequate for certain scientific require- 
ments. Certain problems of the Einstein theory, for instance, 
might find solution, if the eighth or ninth order of precision in the 
measurement of length were attainable. 

If material civilization advances, we may hope to secure one 
higher order of length precision at Sevres in the course of another 
century. This would probably add one order to national scientific 
length measurement all over the globe. Apart from questions of 
moral or spiritual development, an estimate of the world's civi- 
lization might be furnished, based upon the order of precision 
realizable in the certificates of meter-bar comparisons furnished by 
the bureau at Sevres. 

The permanence and inviolability of the international meter 
are clearly of importance to all nations. The control of the Sevres 
bureau has been vested, since 1875, in an international body com- 
posed of delegates from the twenty-eight leading national govern- 
ments that are parties to the bureau's maintenance. The inter- 
national meter and kilogram are deposited at the bureau in such 
a manner that seven successive keys have to be used in order to 
reach them. Three of these keys are in regular service for the 
doors of the building; but the four others belong to the special 
vault in which the standards are preserved, and are placed in the 

573 



THE SCIENTIFIC MONTHLY 

custody of as many different officers of the international commit- 
tee. Some of these officers live abroad; so that the keys are usually 
kept far apart. It has thus only been possible to open the vault 
at the regular six-year meetings, when the assembling officers pro- 
duce their respective keys. The inconvenience of so inflexible a 
modus operandi manifested itself during the world war. At the 
outbreak of the war, one of the officers, entrusted with a key, resided 
in Germany. That key, being in an enemy country, was inac- 
cessible. If Sevres had been subjected to bombardment, it would 
have been necessary to remove the standard meter and kilogram 
to a place of safety, and this would have involved breaking into 
the vault. In order to provide against such a contingency in 
future, a new set of regulations has been brought into effect; 
whereby a duplicate of each vault key is deposited with the Insti- 
tut de France, and so that, under special emergency, the vault 
can be opened by its authority. 

One of these six-year meetings of the International Conference 
took place recently in Paris under the presidence of M. Emile 
Picard, the permanent secretary of the French Academy of 
Sciences. On October 6th, 1921, the delegates met at Sevres and 
at a specified hour formed themselves into a visiting and attesting 
committee, under the leadership of M. Ch. Ed. Guillaume, the Di- 
rector of the Bureau. 

The committee members line up across the courtyard in column 
by twos. At the signal, the procession enters the main and east 
door of the Bureau, and passes along a corridor, in the half light, 
to a descending stone stairway. Incandescent lamps light up, and 
we descend to a basement floor. Again, down another stone stair- 
way, to a sub-basement. At this level, the temperature changes 
but little all the year round. We now face the first of the three 
steel vault doors in the east wall. It opens to the corresponding 
official key. Behind it are two other steel doors, which are suc- 
cessively unlocked, revealing the vault beyond. This is about 4 
meters long in an easterly direction, 3 meters wide and three high. An electric incandescent lamp, that has been idle for eight years, is turned on and we'can see the interior clearly. The walls and 
ceiling are lined with white enamelled brick. Opposite to the en- 
trance against the eastern wall is a table supporting a steel safe. 
There is nothing else in the vault except an auxiliary table against the north wall. The director produces the last 'of the seven 
keys and unlocks the safe. Its doors swing open and disclose 
two shelves. On the upper shelf are three meter-bar cases, a mini- 
mum-maximum thermometer and a hygrometer. On the lower 
shelf is a row of five glass double bell-jars. Inside of each is a shin- 
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ing cylindrical standard kilogram. The director calls for a reading 
of the instruments, which have been shut up in the safe since 1913. 
The min-max, thermometer register 10.6?-13.2? Centigrade, or 
a total range of only 2.6 degrees during those eight years. The 
hygrometer shows 88 per cent. humidity. The director calls atten- 
tion to the international meter and kilogram, with their control 
duplicates. He carefully lifts out of the safe the central case, 
containing the primary standard or prototype meter, and lays it 
on the auxiliary table. He opens the case and reveals the brightly 
gleaming meter bar within. Like all the other standard bars, its 
section is of a special X shape, so designed as to offer the maximum 
stiffness, or resistance to sagging in the middle, when the bar is 
supported at its two ends. Of course, a stout platinum-iridium 
bar, a little more than forty inches long, and built with any rea- 
sonable shape of cross-section, would sag very little at the center 
when the bar is supported at its ends. Nevertheless an extremely 
small sag would be apt to alter, in perceptible degree, the applarent 
length of the bar, as measured on its surface. By giving this X 
shape to the section, and cutting a flat strip of surface at the middle 
of the groove in the X, the meter length is marked off along this 
flat strip, where the change in length due to any possible central 
sag becomes quite negligible. The meter bar is not graduated, or 
marked off into equal divisions like an ordinary rule. There is 
merely a fine scratch cut with a diamond point across the bar near 
each end. The international meter is defined as the distance be- 
tween these two fine line scratches, when the bar is at the tempera- 
ture of melting ice. 

No hand touches the bar, which lies face down in its case. It 
is the final reference standard, and does not need to be used except 
as a final arbiter, in case differences should arise among the work- 
ing standards. Its duty is merely to remain steadfast-to pre- 
serve its dimensions unchanged. 

Only a few of the witnesses can occupy the vault at one time, 
and the air in it becomes oppressive. As soon as those within have 
recognized the contents of the safe, they leave the vault and make 
room for others. 

In about half an hour, the standards are replaced on their 
shelves, the safe is shut and locked, the light is turned off and the 
vault doors closed. The world's standards of length and weight 
thus resume their wonted repose, until the next awakening by a 
visiting committee, probably six years hence. This visiting com- 
mittee, however, returns to daylight and reforms in the courtyard, 
where it is photographed by a moving-picture machine, to record 
the passage of its members. 
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The measurement laboratories of the Bureau are also visited 
by the committee. These laboratories have specially constructed 
walls, to keep the temperature within them nearly uniform. In 
one of them, standard meter bars are compared and certified. The 
bar to be tested is laid horizontally on end supports in a tray of 
water, alongside of the working standard of the laboratory, whose 
error with respect to the international meter of the vault has been 
carefully determined. Being composed of platinum-iridium, the 
bars do not tarnish under water; although they have to be cleansed 
from deposits of dust or organic matter-of which more anon. 
The immersion of the bars in water is desirable during the tests, 
in order to enable their temperature to be more closely determined, 
each bar being only true to length at a certain temperature, and 
correction being necessary for observed deviation of temperature 
from the standard. 

A microscope is supported on a stone pillar over each end of 
the bar, in such a manner that the cross-hair of the eyepiece can 
be brought over the delicate line marks on the ends of each bar in 
turn, the operations being regularly repeated many times accord- 
ing to a definite schedule. The observations, as finally collected 
and reduced, reveal the difference between the length of the 
tested bar and that of the working standard. Readings can be 
taken to the eighth order, or to 0.01 micron (10-8 meter, about 
1/2,500,000th inch; but the final result is only depended upon to 
the nearest 0.1 micron, or ten-millionth of a meter, a precision of 
the seventh order. The micron is the one-millionth of a meter, 
and is the unit of length in practically universal use among scien- 
tific workers with the microscope, all the world over. 

Some excitement was recently aroused at the Bureau, by the 
discovery that two working standard meter bars, in use there 
during many years, although retaining their lengths almost un- 
changed with respect to each other, had both lengthened in that 
time by about 0.4 micron, or 1/65,000th of an inch, the change 
of length being progressive. After much search, it is believed that 
this minute lengthening of each bar has been gradually brought 
about through the constantly repeated cleansing of the polished 
working surface by the gentle rubbing of a cloth. The rubbing 
had always been directed, as a matter of habit, along the bar to- 
wards the end. In this way, it is supposed that the walls of the 
fine diamond scratch across the bar, near each end, were slowly 
pushed over and away from the middle of the bar, by 0.2 micron, 
in the course of long usage. It has since become the prescribed 
routine to clean the surface of a meter bar by rubs delivered alter- 
nately in opposite directions. 
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Another laboratory is devoted to the measurement of standard 
weights. In each corner of this room a delicate balance weighing 
machine i,s mounted, while the observer sits in the middle of the 
room at a distance of four meters from each and all of them. The 
reason for his having to sit so far from his work is that if he were 
to take up a p'osition comfortably close to the balance he operated, 
the warmth from his body would probably vitiate the measure- 
ments ,seri,ously for the degree of precisilon )aimed at, in spite of 
the usual windows and shields with which such a balance is ordi- 
narily provided. His respectful distance from the subject of his 
investigation suggests the old rhyme: 

"'Who suppes with ye Deville 
Shoulde have a longe spoone.'" 

With the ;aid of an ingenious arrangement of four parallel and 
horizontal brass rods, running from the balance to the observer, 
and which he can rotate in different ways, he is able to weigh the 
test kilogram mass against the mass of a standard kilogram, on the 
scales four meters off, and to read the balance through a telescope. 
One of these four-rod combinations enables him to observe the 
difference of weight between say the tested mass on the left-hand 
scale, and the standard mass on the right-hand scale; then to clamp 
the beam, next to lift off the two weights and reverse their relative 
positions, bringing the tested mass to the right and the standard 
mass to the left; and finally to repeat the weighing in this reversed 
relation, all at four meters' distance. 

A standard kilogram is a solid cylinder of polished platinum- 
iridium, with its circular edges slightly rounded. The mass of such 
a cylinder can be measured, after making all corrections, to the 
nearest hundredth of a milligram; or to the 10-8 kilogram-a pre- 
cision of the eighth order. It is curious that the available pre- 
cision of mass determination should thus be one order greater than 
that available in length determination in our national standards, 
at this period of the world's history. 

It is evident that a blow, or severe mechanical shock, adminis- 
tered to any standard meter bar, might readily alter its length and 
render its use unreliable. Great care has to be taken in the na- 
tional laboratories of the various countries not to let a standarde 
meter bar fall. Occasionally, a national standard meter bar is 
brought back to Sevres from some distant part of the world for 
recomparison at the Bureau. In such a case, it is always entrusted 
to a careful messenger, and usually the chief of the national labo- 
ratory takes it himself. At last October's Paris meeting two na- 
tional meter bars came back for retesting, one from Washington, 
D. C., and the other from Japan. In each case, the director of the 
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national laboratory brought it in person. In the American in- 
stance, Dr. Stratton brought the meter bar from the Bureau of 
Standards at Washington, with the aid of an assistant. The spe- 
cial case containing this meter always remained in the care of one 
or the other, being carried from place to place with more care than 
a mother ordinarily devotes to the handling of her baby. A tumble 
that might not hurt a baby might injure a meter bar. In the 
Japanese instance, Dr. Tanakadate arrived at Sevres, after a jour- 
ney from half way round the world, carrying his meter case in his 
arms. The way in which the precious national standard was car- 
ried iin each instance brings to mind the story of the Italian knight, 
the founder of the well-known Pazzi family, who, in one of the 
crusades, returning from Jerusalem on horseback, always sat 
backwards, or facing the tail of his horse, becausie he tended con- 
stantly a little fire in a brazier, whose embers he had first lighted 
from the sacred fire in Jerusalem. Journeying painfully and 
slowly, he was determined to bring the fire still alive to his native 
Italian city. His unusual gait and attitude naturally aroused much 
astonishment on the journey, and the name "pazzo," or crazy, 
clung, so the story goes, to him and his family thereafter. 

The reason for so much care being warranted, moreover, in the 
American instance was that both by act of Congress and by ex- 
ecutive order, the U. S. Yard is defined and maintained as a cer- 
tain definite fraction of the international meter, as is also the 
U. S. pound avo:irdupois as a.not;her definite fraction of the inter- 
national kilogram. Consequently, all American measures are 
linked with the fundamental units at Sevres. Although the Wash- 
ington Bureau of Standards has more than one official copy of the 
meter; yet it is advantageous to have one of the copies checked 
and recompared at "Mecca" from time tol time. 

After the international bureau at Sevres was organized in 1875, 
and set to work making and certifying copies of the international 
meter and kilogram, 30 standard meter bars in platinum-iridium 
were finished and approved by 1889. The bar which agreed most 
closely with the pre-existing standard meter of the "Archives" 
was adopted as the "international meter" for deposit in the 
vault, and the others were distributed by lot among the various 
contributing governments. Meter-bars Nos. 21 and 27 fell to the 
share of America, as well as Kilograms Nos. 4 and 20. The work 
of measuring and intercomparing the 30 standard bars, previous 
to their acceptance and distribution by the international commit- 
tee, took over three years to accomplish. 

Meter No. 27 and kilogram No. 20 were brought to Washing- 
ton, under seal, by 'an officer of the U. S. Coast and Ge,odetic Survey, 
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and delivered to President Harrison at the White House on Jan- 
uary 2nd, 1890. President Harrison, after breaking the seals and 
opening the cases himself, signed for their receipt and certified to 
the reception in good order of these national standards. These 
exercises were conducted with befitting ceremony, a special recep- 
tion, followed by a social function and dance, being arranged at 
the White House for the occasion. 

As originally planned, the meter was decimally derived from 
the dimensions of our universal mother earth, so as to be the ten- 
millionth of the distance from the North Pole to the Equator, on a 
meridian carried through Paris. In this way, if the meter should 
become lost or entangled in dispute, it might be re-established by 
geodesy. It would not, of course, be necessary to start with a tape- 
line from the north pole. It would fortunately suffice to measure 
the length of a portion or portions of an arc of the meridian, be- 
tween terrestrial stations whose difference in latitude should be 
determined with the requisite degree of precision by' astronomical 
methods. A series of meridian measurements were actually con- 
ducted about the year 1799, for the purpose of arriving at the 
length of the standard meter, although the best scientific instru- 
ments available at that date were distinctly inferior to those now 
in regular use. A marked advantage of this decimalized meridian 
basis for the meter is that with decimalized 'angles, which are 
slowly but surely winning their way to favor through ease in their 
calculation, the kilometer, or ten-thousandth of the earth quadrant, 
becomes the nautical as well as the terrestrial mile, thus bringing 
both land and sea under the dominion of the same standards. Re- 
cent measurements have shown that the actual standard meter is 
a little short of the theoretical meridian meter. With respect 
to the meridian through Paris, the standard meter is stated to be 
approximately 0.2 millimeter, or 200 microns, too short. This 
error is insignificant and negligible from the standpoint of sailor's 
charts, or navigational requirements; but it is an enormous error 
from the standpoint of national standard intercomparison at 
Sevres. By the time that the shortcomings of the standard meter 
with respect to the theoretical meter became known, it was too 
late to change the standard. Moreover, supposing that the stand- 
ard meter ,of to-day were corrected to the best known value of the 
theoretical meter; there can be no doubt that in the course of 
another century of progress in geodesy, the meter-bar thus cor- 
rected would have tlo undergo a new correction at that date, prob- 
ably much less than the 200 microns now known; but yet very 
large with respect to inter-comparison work. The result would 
be that we should never have a final meter, and we should always 
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have to examine into the date of a meter-bar in order to be able to 
use it with a high degree of precision. For practical purposes, 
therefore, the world has been compelled to accept a standard meter 
whose precision with respect to the theoretically decimalized 
meridian is only of the 3.5th order, in order to secure a precision 
of the 7th order in replication and dissemination. In any case, the 
probable precision of redetermination by astronomical measures is 
at present much less than that attainable by direct meter-bar com- 
parison. Consequently, if the standard meter should be lost in 
any one part of the world, it could always be re-established by 
reference to the international meter at Sevres. 

Will it always be necessary to make periodical comparisons be- 
tween national meter-bars and the international standards at 
Sevres? Perhaps not. Already a method has been developed, 
which, with the aid of the Michelson interferometer, enables the 
number of waves of cadmium red light to be counted in the length 
of one meter: This number has been stated to be 1,553,164.1, 
optically measurable with a precision of the seventh order, or prac- 
tically the same as that of direct mechanical comparison. It may, 
therefore, be found, after sufficient experience has been acquired, 
that instead of sending a standard bar from Washington to Sevres 
for calibration and certificate, it may only be necessary to use, in 
the Washington laboratory, the right kind of cadmium light, and 
to count off the right number of its wave lengths-a number exceed- 
ing a million and a half-in order to arrive at the length of one 
international meter, to the requisite degree of precision. More- 
over, it is possible that yet another method may be found for de- 
riving the meter locally, without making a pilgrimage to "Mecca" 
for it. At present, however, it is necessary to make the pil- 
grimage. 

If then, we examine to-day any scale, divided rule, or measure 
of length, we always, either consciously or unconsciously, look 
towards Sevres. The rule has always been marked off and gradu- 
ated by comparison with a standard, and usually this standard has 
been more precise than the copy. If the graduated rule is very 
rough and imperfect, with a correspondingly low order of pre- 
cision, we do not have to goi far to find a possible standard of 
reproduction for it; but the finer and more nearly accurate the 
rule, the higher up in the scale of development we must search 
for a possible progenitor. The very finest in any country are 
only obtainable by direct comparison with the national standards. 
These, in turn, have been derived from Sevres. Thus there is al- 
ways a lineal succession lof 'standards ,of length and of mass to every 
local inch, foot-rule or pound standard that is worthy of the name. 
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